ABSTRACT: Data (n = 1,746) collected from 1985 through 1995 on Korean Native Cattle by the National Livestock Research Institute of Korea were used to estimate genetic parameters for marbling score, dressing percentage, and longissimus muscle area, with backfat thickness, slaughter age, or slaughter weight as covariates. Estimates were obtained with REML. Model 1 included animal genetic and residual random effects. Model 2 was extended to include an uncorrelated random effect of the dam. Model 3 was based on Model 1 but also included sire × region × year-season interaction effects. Model 4 combined Models 2 and 3. All models included fixed effects for region × year-season and age of dam × sex combinations. From single-trait analyses, estimates of heritability with covariates to adjust for backfat thickness, slaughter age, and slaughter weight from Model 4 were, respectively, .10, .08, and .01 for marbling score; .09, .12, and .16 for dressing percentage; and .18, .17, and .24 for longissimus muscle area. From three-trait analyses, estimates of genetic correlations between marbling score and dressing percentage, marbling score and longissimus muscle area, and dressing percentage and longissimus muscle area were, respec-
Introduction
Carcass traits in beef cattle are important determinants of meat quality. Numerous studies of carcass traits of beef cattle have found the genetic correlation between marbling score and longissimus muscle area to be negative (Koots et al., 1994b) . Marshall (1994) suggested that genetic correlation between longissimus muscle area and fat thickness with an age-constant covariate was nega-1181 tively, −.99, .20, and −.11 with backfat thickness as covariate; −.88, .47, and .01 with slaughter age as covariate; and −.03, .39, and .91 with slaughter weight as covariate. Results of this study suggest that choice of covariate (backfat thickness, slaughter age, or slaughter weight) for the model seems to be important for carcass traits for Korean Native Cattle. Including sire × region × year-season interaction effects in the model for marbling score and dressing percentage may be important because whether sire × region × year-season interaction effects were in the model affected estimates of other variance components for the three carcass traits. Whether the maternal effect was in the model had little effect on estimates of other parameters. With backfat thickness and slaughter age end points, selection for increasing marbling score would be expected to result in decreasing dressing percentage for Korean Native Cattle. With slaughter weight as a covariate for end point, increased longissimus muscle area would be associated with increased dressing percentage, and increased marbling score would be related to increased longissimus muscle area. The differences in estimates associated with choice of end point, however, need further study.
tive. Several studies have reported estimates of direct heritabilities for marbling score to be moderate (Koots et al., 1994a) .
When data are adjusted (covariate) to a constant age or physiological end point, estimates of heritability may be influenced by the covariate in the model. Benyshek (1981) reported that use of either constant weight or constant age had little effect on heritability estimates. The review of Koots et al. (1994a) found that average estimates of heritability for carcass traits did not differ significantly with different adjustments (age, live weight, and fat depth). However, heritability estimates with adjusted fat depth were somewhat greater than age-and weight-adjusted estimates.
The objective of this study of Korean Native Cattle was to estimate parameters associated with genetic ef-fects for marbling score, dressing percentage, and longissimus muscle area with backfat thickness, slaughter age, or slaughter weight as covariates in the model. These estimates are needed for genetic evaluations of these carcass traits for Hanwoo, the Korean Native Cattle.
Materials and Methods
Data were collected from 1985 through 1995 by the National Livestock Research Institute in Rural Development Administration of Korea for marbling score (coded from 1 to 5, extremely low to extremely high, respectively), dressing percentage (%), and longissimus muscle (ribeye) area (cm 2 ) with backfat thickness at slaughter (mm), slaughter age (d), or slaughter weight (kg) as possible covariates. The data set used included only animals that had all three traits and all three covariates measured so that the effects of the three different covariates on estimates of parameters could be compared. Total number of animals in pedigrees including animals with records was 3,243 for the data set with all traits and covariates measured.
Region was classified by location at birth, either on an experiment station or on a farm. Farm codes were not available. Average slaughter age and weight were 682 d and 537 kg, respectively. Two calving seasons centered about April and October. Ages of dams ranged from 2 to 13 yr.
Sires and dams (unique assigned identification was used for records for which actual dam identification was missing) were identified for each animal. Numbers of records (including sires, dams, and assigned dams) and unadjusted means and standard deviations by trait are given in Table 1 .
Four single-trait animal models, each with one of the three different covariates, were initially used to establish starting values for use with multiple-trait animal models. Region × year-season and age of dam (yr) × sex combinations were fixed effects for all models. Table 2 summarizes parameters that were estimated with the four models. Analyses of single traits were based on the following models: Model 1 included genetic and residual effects:
where y is a N × 1 vector of observations, β is a vector of fixed effects (region × year-season and age of dam × sex combinations), a is vector of genetic effects, e is vector of residual effects, and X and Z are known matrices relating observations in y to fixed and random effects.
Model 2 was based on Model 1 but extended to include a maternal effect of the dam:
where p is vector of random, uncorrelated maternal effects and W 1 is a known matrix relating observations in y to effects in p.
Random effects in Model 3 included genetic, the sire × region × year-season interaction, and residual effects:
where q is vector of sire × region × year-season interaction effects and W 2 is a known matrix relating observations in y to effects in q.
Model 4 was based on Model 3 but extended to include a maternal effect of the dam:
For all models: E[y] = Xβ and the (co)variance structure for Model 4 was:
where N d = number of dams, N s = number of sire × region × year-season combinations, N = number of records, A = numerator relationship matrix among animals in the pedigree, and I = identity matrix of appropriate order.
Estimates of genetic parameters were obtained with derivative-free REML (Smith and Graser, 1986; Graser et al., 1987) . The program (Boldman et al., 1995) was restarted with the estimates at previous apparent convergence as initial values to help ensure a global minimum was found, i.e., −2 times the logarithm of the likelihood did not change to the third decimal after consecutive restarts.
Results and Discussion

Marbling Score
With any of the covariates used in the models, models including sire × region × year-season interaction effects (Models 3 and 4) resulted in greatly reduced estimates of variance due to genetic effects compared with Models 1 and 2, which ignored any effects of sire × region × yearseason interaction in the model (Table 3 ). The reduction was greatest with slaughter weight. This result suggests that the interaction may be accounting for contemporary group effects. The data did not include other information to use to form contemporary groups. The interaction effects may be also an indication of misidentification of sires, as shown by Lee and Pollak (1997) . The estimate of variance due to maternal effects was near zero, so Models 3 and 4 had the same likelihoods and estimates of other parameters.
With the different covariates, the log likelihoods changed greatly from covariate to covariate. Parameter estimates from single-trait analyses for marbling score with three different covariates (backfat thickness, slaughter age, and slaughter weight) for the four models are shown in Koots et al. (1994a) reported of .65 with fat depth, .38 with age, and .36 with weight as covariates, respectively. Hirooka et al. (1996) found that with slaughter weight as a covariate, heritability of marbling score was .42 for Japanese Brown Cattle. Pariacote et al. (1998) reported an estimate of heritability of marbling score was .88 without a covariate for American Shorthorn Beef Cattle.
Heritability with slaughter weight as a covariate was much less than when either backfat thickness or slaughter age was used as a covariate in Model 4. However, the estimates of heritability for marbling score with any of the three different covariates in Models 3 and 4 were much smaller than previous reports for other breeds (Koots et al., 1994a) . The low estimates may be caused by imprecise data collecting or by the small number of records. The results indicate that choice of covariate in the model (backfat thickness or slaughter age vs slaughter weight) may affect estimates of heritability for marbling score. The decision to use a particular covariate in the model (backfat thickness, slaughter age, or slaughter weight) depends, however, on the purpose of the analysis.
Dressing Percentage
Estimates of genetic parameters from single-trait analyses for dressing percentage with the three different covariates in the model (backfat thickness, slaughter age, and slaughter weight) and with the four models are reported in Table 4 . Estimates of heritability for dressing percentage were .62 (Model 1), .59 (Model 2), .44 (Model 3), and .09 (Model 4) with backfat thickness as covariate; .64, .60, .48, and .12 with slaughter age as covariate; and .69, .66, .54, and .16 with slaughter weight as covariate. With any of the three covariates in the model, the model that included both general maternal effects and sire × region × year-season interaction effects (Model 4) resulted in significantly reduced estimates of heritability. Estimates of variance due either to maternal effects or to sire × region × year-season interaction effects increased when the other factor was added to the model compared to estimates when only one of those factors was in the model. This pattern was not seen for marbling score or longissimus muscle area. In contrast to estimates of heritability for marbling score, the estimates were somewhat larger with slaughter weight as a covariate than with either backfat thickness or slaughter age as a covariate.
The estimates for Model 4 were less than the averages of estimates summarized by Koots et al. (1994a) , who reported weighted mean heritabilities with age and weight as covariates to be .39 and .38, respectively. The estimates for Models 1, 2, and 3 were larger than those summarized by Koots et al. (1994a) . Pariacote et al. (1998) reported an estimate of heritability of dressing percentage of .49 without use of a covariate for American Shorthorn beef cattle. . Heritability with slaughter weight as a covariate was greater than when either backfat thickness or slaughter age was used as the covariate in Model 4. This result indicates that choice of covariate in the model (backfat thickness or slaughter age vs slaughter weight) affects estimates of heritability for dressing percentage. Likelihood ratio tests showed that Model 4 was a significantly better fit than Models 1, 2, and 3 for dressing percentage with backfat thickness, slaughter age, or slaughter weight as covariates (P < .05).
Longissimus Muscle Area
Estimates of genetic parameters from single-trait analyses for longissimus muscle area with the three covariates and the four models are reported in Table 5 Hirooka et al. (1996) , who found that with a covariate for slaughter weight the estimate of heritability was .27 for Japanese Brown cattle. The estimates were smaller than the averages in Koots et al. (1994a) , who reported weighted mean heritabilities with fat depth, age, and weight as covariates to be .40, .42, and .41, respectively. Marshall (1994) estimated average heritability from the recent literature for longissimus muscle area to be .37.
With any of the covariates used in the model, the models including sire × region × year-season interaction effects (Models 3 and 4) resulted in reduced estimates of variance due to genetic effects compared with Models 1 and 2, which ignored any effects of sire × region × yearseason interaction in the model, although the likelihoods were similar for all models. The reduction in the estimate of heritability was much less than for marbling score and dressing percentage. These results indicate that choice of covariate in the model (backfat thickness or slaughter age vs slaughter weight) may affect estimates of heritability for longissimus muscle area. Likelihood ratio tests showed that Model 4, however, was not a significantly better fit than any of the other models for longissimus muscle area with any of the covariates (P > .05).
Genetic Correlations
Model 4 was used for the three-trait analyses. Parameter estimates for marbling score, dressing percentage, and longissimus muscle area are shown in Table 6 . The top part of the table includes all data with all traits and all covariates fitted. The bottom of the table includes all data with all traits measured but without using a covariate for end point in the model. The last analysis was done in an attempt to understand why the estimates with slaughter weight as covariate were so different from estimates with either backfat thickness or slaughter age Table 6 . Parameter estimates (and standard errors) from three-trait analyses for marbling score (trait 1), dressing percentage (trait 2), and longissimus muscle area (trait 3) with different covariates included in the model and without any covariate in the model covariates. No insight was gained, but the estimates are reported nevertheless. In general, estimates of heritabilities from multipletrait analyses were somewhat smaller than those from single-trait analyses, except that the estimate of heritability for longissimus muscle with slaughter age as a covariate (.20) was greater than that from single-trait analysis (.17).
Estimates of genetic correlations between marbling score and dressing percentage, marbling score and longissimus muscle area, and dressing percentage and longissimus muscle area were, respectively, −.99, .20, and −.11 with backfat thickness as covariate; −.88, .47, and .01 with slaughter age as covariate; and −.03, .39, and .91 with slaughter weight as covariate. With either backfat thickness or slaughter age as a covariate in the model, the estimates of genetic correlation between marbling score and dressing percentage were highly negative, compared to near zero with slaughter weight as the covariate. Similarly, the estimates of genetic correlations between dressing percentage and longissimus muscle area were greatly different depending on the covariate used as the end point: −.11 and .01 with backfat thickness and slaughter age covariates and .91 with slaughter weight covariate. These results indicate that selection for increasing marbling score would result in decreasing dressing percentage at constant physiological (fat con- stant) or chronological age. These estimates do not agree with those of Koots et al. (1994b) , who reported average estimates of genetic correlations at a constant age between marbling score and dressing percentage to be .25. Pariacote et al. (1998) reported estimates of genetic correlations between marbling score and dressing percentage without a covariate to be nearly zero, .08.
Similarly, estimates of genetic correlations between dressing percentage and longissimus muscle area were different depending on covariate in the model: −.11 with backfat thickness as covariate, .01 with slaughter age as covariate, and .91 with slaughter weight as covariate, respectively. These results indicate that selection for increased dressing percentage should result in increased longissimus muscle area with slaughter weight as an end point covariate but in little change with backfat thickness or slaughter age as an end point. The estimate with slaughter age as an end point was smaller than estimates reviewed by Koots et al. (1994b) , who reported average estimates of genetic correlations at a constant age between dressing percentage and longissimus muscle area to be .36. Pariacote et al. (1998) reported an estimate of genetic correlation without a covariate between dressing percentage and longissimus muscle area to be .79.
Estimates of genetic correlations between marbling score and longissimus muscle area were not as different Table 8 . Parameter estimates (standard errors) from two-trait analyses for marbling score (MSC) and dressing percentage (DRP), marbling score (MSC) and longissimus muscle area (LMA), and dressing percentage (DRP) and longissimus muscle area (LMA) with different covariates included in the model for different covariates as with the other two correlations: .20 with backfat thickness as covariate, .47 with slaughter age as covariate, and .39 with slaughter weight as covariate. These estimates did not agree with those of Koots et al. (1994b) , who reported average estimates of genetic correlations at a constant age between marbling score and longissimus muscle area to be −.21. Dinkel and Busch (1973) reported an estimate of direct genetic correlation between marbling score and longissimus muscle area to be −.17.
The primary factor used by the beef industry to assign carcass quality is marbling score (Marshall, 1994) . Genetic correlation between marbling score and longissimus muscle area with slaughter weight as a covariate was moderate (.39). Thus, selection for increased longissimus muscle area may result in increased carcass qual-ity (marbling score) for Korean Native Cattle marketed at a weight end point.
With any of the three (backfat thickness, slaughter age, or slaughter weight) covariates used in the model, estimates of fraction of variance due to maternal effects (p 2 ) were small (.01) for marbling score, .15 to .16 for dressing percentage, and .01 to .03 for longissimus muscle area.
The pattern of estimates of heritability and genetic correlations was generally different when slaughter weight was used as the covariate rather than backfat thickness or slaughter age. The reason is not obvious, but one possibility is that the decision to slaughter might have been dependent on slaughter weight. Therefore, the data with all traits measured was analyzed without any covariate. The estimates shown in the bottom part of Table 6 do not provide any clues. The pattern of estimates is most similar to that for the same data with a slaughter age end point. The only clear point is that when slaughter weight is the covariate the phenotypic variance for longissimus muscle area is reduced compared to no covariate for end point or for backfat thickness and slaughter age end points.
Additional analyses were done to search for any reasons why the pattern of estimates is not similar with different end points. Parameter estimates from two-trait analyses are shown in Table 7 , which shows the same pattern as that found with the three-trait analyses. The top of Table 8 also shows that the pattern of estimates was the same whether correlations between random sire × region × year-season interaction effects and between maternal effects were forced to be zero or not.
A simpler model including only direct and residual effects in the model was also tried. Estimates of heritabilities (the bottom of Table 8) were inflated compared to full models, indicating that sire × region × year-season interaction and(or) maternal effects are confounded with direct genetic effects. The pattern of different estimates of heritability and genetic correlations with slaughter weight rather than backfat thickness or slaughter age as end points was generally the same for all models.
Implications
The estimates of heritabilities for these carcass traits for Korean Native Cattle with a model including sire × region × year-season interaction were smaller than have been reported for other breeds. Reasons may be 1) the small number of records, 2) inaccurate data collection, which suggests the need to collect and identify more data more carefully, and 3) parameters for the breed are different. The results show that choice of end point covariate (backfat thickness, slaughter age, or slaughter weight) for the model seems to be important for genetic evaluation of carcass traits of Korean Native Cattle.
